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Abstract. American Bison grow a thick coat of fibres which assists them to withstand severe climatic 1 
conditions. Bison fibre was traditionally used in textiles by native North Americans. This study aimed 2 
to quantify the production, fibre attributes and dehairing processing of bison fibre produced from 3 
bison grazed in north-eastern Victoria. Three age/sex classes were sampled (n = 16) at seven body 4 
positions in spring. The fibre growing area was measured. Fibre was tested for diameter distribution, 5 
clean washing yield (CWY), proportion of fine fibres  < 36 µm and fine fibre length, and processed by 6 
cashmere dehairing. Bison were 1-2 years of age, liveweights 160-450 kg and had mean fibre growing 7 
area of 1.4 m2. They produced an average 1184 g (range 530-1640 g) of fine fibre with mean fibre 8 
diameter (MFD) 18.5 µm, CWY 76.5%, wax content 9.8%, suint content 14.5%, clean fine fibre yield 9 
56.4%, fine fibre length 37 mm and fibre curvature (FC) was 93 °/mm. Mid-side fibre had a crimp 10 
frequency of 6.5/cm and mean resistance to compression of 6.6 kPa. Fibre had a tenacity of 8.7 cN/tex 11 
and an extension of 39.3%. Restricted maximum likelihood (REML) mixed model analysis showed 12 
age/sex class and sampling site significantly affected all fibre attributes. Finer and longer fibre was 13 
produced in anterior sites and in younger bison. FC declined 5.3 °/mm for each 1 µm increase in 14 
MFD. Dehaired fibre had a MFD of 17.8 µm and mid-length of 28 mm, suitable for woollen spinning. 15 
The production by bison of coats containing significant amounts of fibre indicates that careful 16 
harvesting of fibre could form an important source of income in bison enterprises. 17 
 18 
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Introduction 1 
American Bison (Bison bison) are large grazing bovids whose range extended across the North 2 
American prairies between Alaska and Mexico (Meagher 1986). Bison were important to native North 3 
Americans whose lifestyle was associated with migrating herds (Valerius 1996). Bison provided 4 
bones for tools, meat, hides and fibre which was used by indigenous and new settlers for textiles 5 
(Bushnell 1909; Helm 1993; Boback 2000). Bison textile production ceased with the near extinction 6 
of bison associated with their widespread slaughter (Hornaday 1889).  7 
In the past century, conservation efforts have resulted in increasing numbers of American Bison in 8 
public reserves and private herds. There have been investigations into commercial meat production 9 
from bison and domestic cattle bison hybrids (Halloran 1957; Keller and Lawson 1978). American 10 
Bison have a long dark brown winter coat which insulates them from freezing conditions 11 
(Christopherson et al. 1978). Hornaday (1889) described the bison coat as “the warmest possessed by 12 
any quadruped save the musk-ox”, and “the hair on the body and hind quarters is long, fine and of that 13 
peculiar woolly quality which constitutes the best possible protection against the cold”. Quantitative 14 
data on the textile properties of bison ‘wool’ are limited to reports by Peters and Slen (1964). 15 
McEwan Jenkinson and Nay (1975) concluded that as American Bison had no secondary skin 16 
follicles, it must have been small primary follicles that were responsible for the woolly undercoat as 17 
the undercoat showed a predominance of fine fibres and few thick fibres.  18 
Exotic animal fibres occupy a small but high value niche in the textile market. Given the textile 19 
market for rare animal fibres (McGregor 2012) and the potential for cattle hair (McGregor and 20 
Graham 2010), it is feasible that bison wool could contribute to income in a bison enterprise. The 21 
Bison Producers of Alberta regard bison wool as has having a value intermediate between cashmere 22 
and camel hair (Boucher 2004). In recent years a range of textile products including yarns, knitwear, 23 
felted items and woven goods such as blankets have been processed in north America from bison 24 
wool following the fellmongering of hides obtained from slaughtered bison (Anonymous 2011).The 25 
present work aimed to quantify the production, fibre attributes and textile processing of American 26 
Bison grazed in north-eastern Victoria.  27 
 28 
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Materials and methods 1 
In 1989 American Bison from Canada were imported to Beetoomba Bison Ranch, 27 km west of 2 
Corryong in north-eastern Victoria (36°12'S, 147°53'E) for specialist meat production and tourism. The 3 
bison grazed improved perennial pastures and were mated to calve in spring. General husbandry and 4 
herd management were similar to that used with the British breeds of cattle managed on the same 5 
property. Bison were yarded in September, prior to the annual moult, for routine management. 6 
Liveweights were determined.  7 
 8 
Fibre sampling and testing 9 
Fibre was sampled from 3 age/sex classes  5 or 7 sampling sites  5 or 6 animals. The age/sex 10 
classes were: males 10 months of age (n=5), males 22 months of age (n=6) and females 10 months of 11 
age (n=5),. The sampling sites accord with Turner et al. (1953) for all animals: side of neck, mid-side, 12 
shoulder, mid-back, rump; and also for older males: point of shoulder; britch point.  13 
Bison were held in a cattle handling race. The fibre growing area on the sides of five bison was 14 
measured using a steel tape. The length of this area was measured from the shoulder to the hip bone. 15 
The height of this area measured from the mid-back line (spine) to the underbelly line was the mean 16 
of the heights at the shoulder, mid-back and rump positions . Fibre (20-25 g) was removed at the skin 17 
surface using small animal Oster clippers (No 40 blade, 40 mm wide, Sunbean-Oster Corp., Fort 18 
Lauderdale, Florida). To determine fibre growth at the shoulder, mid-side and rump sites the length 19 
and width of the sampling area was measured to the nearest 0.5 cm. This fibre was dried for 24 hours 20 
at 80°C, cooled in a desiccator and weighed (0.01 g). Weight was determined with 16% regain.  21 
From each sample, the fine ‘wool’ length was measured with a ruler to the nearest 0.5 cm on five 22 
staples. For mid-side samples, the length of the ‘guard hair’ was measured. Frequency of fibre crimp 23 
(number of crimps/cm) was measured by relaxing fine fibres on a velvet board and counting under a 24 
dissecting microscope. For each animal, a bulk sample (> 20 g) containing fibre from all sites was 25 
used to determine clean washing yield (CWY) following aqueous scouring using a regain of 16% 26 
(IWTO 2005a). Samples were mini-cored and 2 mm snippets were aqueous scoured with non-ionic 27 
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lissapol in a sonicating water bath (temperature 50 to 55°C). Samples were gently rinsed twice with 1 
ethyl alcohol, excess liquid removed under vacuum and samples dried and relaxed for 24 hours at 65 ± 2 
2% relative humidity and 20 ± 2°C. Following re-conditioning, snippets were measured with the 3 
OFDA100 to determine mean fibre diameter (MFD), diameter distribution, fibre diameter coefficient 4 
of variation (CVD), fibre curvature (FC) and FC standard deviation (IWTO 2005b,c). Mean values 5 
were determined from measuring two complete slides of 8000 counts. Proportion of fine fibres 6 
(FFyld) was determined from OFDA100 measurements based on the fibre diameter distribution 7 
profile (Peterson and Gherardi 1996) using a cut-off value of 35 µm. The yield of fine fibres at each 8 
site, as a proportion, was determined as: Yield of clean fine fibre = CWY (bulk animal test) FFyld 9 
(site test). The quantity of wool produced by bison was determined as: Clean wool (g) = Area of side 10 
of bison (cm2) 2  greasy fibre (g/cm2)  yield clean fine fibre (as a proportion).  11 
Ten mid-side samples, covering the range in FC and MFD and each age/sex class, were dehaired 12 
at the Australian Wool Testing Authority using the Shirley Analyser method (IWTO 1992). The 13 
dehaired fibre was tested for MFD, resistance to compression (AS 3535 1988) and fibre length using a 14 
modified length after carding method (McGregor 2001). Samples of dehaired carded sliver were 15 
measured for bundle tenacity and bundle extension using the Sirolan-Tensor (strain rate 20 16 
mm/minute, gauge length 3.2 mm, Yang et al. 1996). 17 
 Wax and suint content was determined using a composite 65 g bulked sample (Bell 1955). 18 
The sample consisted of 3.3-3.5 g of greasy fibre from each of the five sampling sites from 2 male and 19 
2 female bison aged 10 months.  20 
 21 
Wool processing 22 
A 2 kg bulk sample of moulted bison wool was collected by hand directly from animals during early 23 
spring, scoured and commercially dehaired using the second dehairing line of a commercial cashmere 24 
processor (McGregor and Butler 2008a; Wang et al. 2008). After one and two dehairing passes, 25 
dehaired samples were taken and tested for fibre attributes and fibre length (Baer hand drawn fibre 26 
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array, Onions 1962). Measurements from the Baer fibre array were used to predict Hauteur and Barbe 1 
(McGregor 2007).  2 
 3 
Statistical analyses 4 
Data were analysed (Genstat 14.1 for Windows, Payne 2011) to determine parameter means and 5 
standard deviations. The effect of sampling site, age/sex class and other variables were determined 6 
using restricted maximum likelihood (REML) mixed model analysis (Payne 2011) . The model 7 
included a random term for animal. The best fixed model was developed with terms being added or 8 
rejected on the basis of Wald F-test. Liveweight was not significant. The observational unit for the 9 
analysis was an individual sampling site.  10 
 11 
Results 12 
Fibre attributes 13 
The means (± s.d.) and range of the variables determined are summarised in Table 1. Bison were 14 
between 160-450 kg liveweight, averaging 235 kg. The mean CWY was 76.5% and mean clean fine 15 
fibre yield was 56.4%. Fine fibres had a MFD of 18.5 µm, FC of 93 °/mm, length averaged 37 mm 16 
and at the mid-side a crimp frequency of 6.5/cm. Mid-side fibre (MFD 18.3 µm) had a mean 17 
resistance to compression of 6.6 kPa. The mean area of the bison producing fine fibre was 1.4 m2 18 
which produced an average 1184 g of fine fibre, and the maximum estimate was 1.64 kg. The content 19 
of wax, suint and ratio of wax:suint on a wax free, suint free fibre basis was: 9.8%; 14.5%; 0.7 20 
respectively. 21 
Effects of age/sex class and site on fibre attributes are given in Table 2. MFD was affected by 22 
site (P = 2.5  10-8) and age/sex class (P = 4.2  10-5) with finer fibre produced at the anterior sites 23 
and in younger bison. CVD was affected by site (P = 3.7  10-5) and age/sex class (P = 0.0014) with 24 
lower CVD in posterior sites and in older bison. OFDA fine fibre yield was affected by site (P = 1.6 25 
 10-8) and age/sex (P = 0.026) with higher yield in younger bison and lowest yield at the mid-back 26 
site. FC was affected by site (P = 1.8  10-8) and age/sex class (P = 0.005), being higher in younger 27 
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bison and in anterior sites. Fine fibre length was affected by site (P = 2.6  10-10) and age/sex class (P 1 
= 0.024) with longer fibres in younger bison and in anterior sites.  2 
MFD explained 53.3% of the variation in FC (residual standard deviation 9.4 °/mm, P = 1.9 3 
 10-16), with FC declining 6.7°/mm for each 1 µm increase in MFD. However a linear model which 4 
included MFD (P = 1.3  10-6), the age/sex class of the bison (P = 0.002) and OFDA fine fibre yield 5 
(P = 0.008) explained 62.7% of the variation (Fig. 1). In this model FC declined 5.3°/mm for each 1 6 
µm increase in MFD, increased 2.9 °/mm for each 10% increase in OFDA fine fibre yield and 7 
compared with one-year-old males, two-year-old males had 5.5°/mm lower FC and one-year-old 8 
females 8.9°/mm lower FC.  9 
 10 
Fibre processing 11 
The bison wool dehaired on the Shirley Analyser had a MFD of 18.4 µm, CVD 22.8% and 1.8% of 12 
the fibres were > 30 µm (range 1.0-3.2%). The samples tested for tenacity and extension had the 13 
following attributes: MFD 17.4-19.6 µm; Hauteur 18.1-20.3 mm; CV Hauteur 62.8%; tenacity 8.72 14 
cN/tex; CV tenacity 4.4%; extension 39.3%. 15 
After one pass of commercial dehairing ≈ 33% of the scoured fleece was produced as 16 
dehaired product (Table 3). This product contained 94.9% fine fibres with a MFD of 18.4 µm, FC of 17 
88.5 °/mm and mid-length of 29 mm with fibres up to 71 mm in length. After two passes ≈ 18% of the 18 
scoured fibre was produced as dehaired product (Table 3). This product contained 98.1% fine fibres 19 
with a MFD of 17.8 µm, FC of 86.1 °/mm and measured mid length of 28 mm with fibres up to 68 20 
mm in length. The remaining fibre (shoddy) required further dehairing passes to separate the fine and 21 
coarser fibres. 22 
 23 
Discussion 24 
A sample of American Bison grazing in north-eastern Victoria grew fleeces that contained about 56% 25 
fine fibres weighing 530 to 1640 g with a MFD of 18.5 µm. About 24% of the fleece was natural 26 
contaminants such as wax, suint and washable soil. The scoured bison wool was easy to dehair, 27 
producing fibres 10 to 70 mm long with a MFD of 17.8 µm suitable for woollen spinning.  28 
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The CWY and MFD measured was similar to the 81% and 19.3 µm reported for 18 Canadian 1 
bison which were sampled on the mid lateral shoulder, mid-side and thigh and over-wintered in a 2 
feedlot (Peters and Slen 1964). These bison grew 50% more fibre than Hereford and domestic cattle 3 
breeds interbred with bison, explained in part by a fibre density about three times greater than 4 
Hereford cows (Peters and Slen 1964; McEwan Jenkinson and Nay 1975).  5 
Bison wool was highly crimped and the association between FC (crimp) and MFD was similar to 6 
that of alpaca and cashmere (McGregor et al. 2011a,b). The resistance to compression of dehaired 7 
bison wool was similar to cashmere (McGregor 2000) and implies softness of handle. 8 
Fibre producers understand that fibre attributes vary across the body of animals (Turner et al. 9 
1953; McGregor and Butler 2008b; McGregor et al. 2011a). While the number of animals sampled in 10 
the present work and in the study of Peters and Slen (1964) were limited, bison wool shows 11 
significant variation across the body in MFD, CVD, FC, fibre density, length and the proportion of 12 
fine fibres. While the present knowledge of the variation in fibre properties across the body of 13 
American Bison can assist producers harvest the finest and longest fibres, further study of this 14 
variation using a larger sample size is warranted. However, sampling fibre from American Bison is 15 
potentially dangerous as they are large animals and can be nervous in close confinement. Removing 16 
fibre from bison inside a cattle race risks the operator having their limbs crushed by sudden 17 
movement. Originally it was proposed to sample fibre from more bison but this was regarded as 18 
unfeasible without specialist facilities.  19 
The MFD of processed bison wool is similar to the bulk of the finer Merino wool produced in 20 
Australia, is similar to Iranian cashmere and finer than most yak wool (McGregor 2000, 2012). The 21 
major drawbacks for bison wool assessed in this work were the need for dehairing, which incurs a 22 
significant cost, and the relatively short fibre length. While dehaired fibres are suitable for woollen 23 
spinning or blending with other fibres the potential exists to harvest longer fibres. The range in fibre 24 
length was such that fibres growing on the side of the neck and in younger bison averaged 5.2 cm and 25 
up to 7 cm. The actual dehairing performance was similar to that recorded for cashmere processed in 26 
the same machinery (McGregor and Butler 2008a), with the coarser ‘guard hairs’ being removed. 27 
Technically bison fibre does not contain down, as there are no secondary follicles (this may need to be 28 
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confirmed), although the term ‘down’ may have marketing advantages over ‘wool’. Given the 1 
moulting pattern in bison, longer and finer wool may be obtained prior to spring moulting.  2 
 3 
Conclusion 4 
The production by American Bison of coats containing significant amounts of fibre indicates that 5 
careful harvesting of fibre could form an important source of income in bison enterprises. Dehaired 6 
fibre had a MFD of < 18 µm, high levels of crimp and mean fibre mid-length of 28 mm indicating 7 
spinning on the woollen system should be successful. 8 
 9 
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Table 1. Mean, standard deviation (s.d.) and range in measured attributes of sampled bison 1 
fibre  2 
 3 
Variables Mean s.d. Minimum Maximum n 
      
Clean washing yield (%w/w) 76.5 4.49 69.9 88.3 16 
Guard hair length (mid-side, cm) 6.8 1.25 4 9 16 
Fine fibreA       
OFDA yield (%w/w)A 73.5 11.08 32.8 95.9 91 
Clean yield (%w/w)B 56.4 9.04 26.0 74.2 91 
Length (cm) 3.7 0.95 2 7 91 
Mean fibre diameter (µm) 18.5 1.51 15.5 22.5 91 
Fibre diameter coefficient of variation (%) 76.7 4.55 69.9 88.3 91 
Fibre curvature (°/mm) 93 13.7 62 126 91 
Fibre curvature standard deviation (°/mm) 60 8.2 41 75 91 
Fibre crimp frequency (mid-side, /cm) 6.5 1.27 4.7 9.2 16 
Resistance to compression (kPa) 6.6 0.47 5.9 10.0 10 
Fibre production      
Side area of bison (m2) 1.43 0.286 1.09 1.74 5 
Mean fibre growth (g/cm2) 0.15 0.042 0.10 0.20 5 
Clean washing yield (%w/w) 76.0 1.99 73.2 78.0 5 
Average ‘fine fibre’ yield (%w/w) 71.6 7.35 60.3 78.1 5 
Clean fibre weight (g) 1184 410.5 530 1640 5 
A Percentage of fibre in OFDA fibre distribution < 35 µm 4 
B Clean fine fibre yield = OFDA fine fibre yield Clean washing yield (expressed as a %). 5 
 6 
 7 
8 
15 
 
Table 2. The predicted effect of age/sex class and sampling site on mean fibre diameter (MFD), 1 
fibre diameter coefficient of variation (CVD), OFDA fine fibre yield (FFyld), fibre curvature 2 
(FC) and fine fibre length for American bison wool with the standard error of difference 3 
(s.e.d.) and least significant difference (L.S.D.). Within columns, values with different letters 4 
differ at P = 0.05 5 
 6 
Attribute MFD 
(µm) 
CVD (%) FFyld (%w/w) FC (°/mm) Fibre length 
(cm) 
Age/sex class      
1-year-old females 17.5a 26.6a 75.4ab 96.7a 4.0a 
1-year-old males 17.8a 26.0a 78.2a 104.6a 3.9a 
2-year-old males 19.6b 23.8b 70.8b 85.6b 3.2b 
s.e.d. (average) 0.36 0.66 2.49 4.89 0.28 
L.S.D. (5%)  0.75 1.40 5.24 10.3 0.59 
      
Sampling site       
Side of neck 17.6a 25.4b 85.6a 98ab 4.7a 
Shoulder  17.7a 26.1ab 73.7b 101a 3.9b 
Point of shoulderA 18.0ab 27.0a 73.4b 98ab 3.9bc 
Mid-side 17.9a 26.0ab 75.2b 97ab 4.0b 
Mid-back  19.4cd 24.0c 62.0c 82c 3.3de 
Rump  18.6bc 24.8c 74.4b 94b 3.4cd 
Britch-pointA  18.9cd 24.9bc 79.6ab 100ab 2.7e 
s.e.d. 0.28-0.44 0.48-0.76 2.91-4.59 2.5-4.0 0.19-0.32 
L.S.D. (5%) (range) 0.56-0.89 0.96-1.51 5.8-9.2 5.0-7.9 0.39-0.64 
A Only 2-year-old males sampled and these comparisons have the highest s.e.d and L.S.D. 7 
 8 
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 1 
Table 3. Measured attributes of dehaired scoured bison fibre after one and two dehairing passes 2 
Variables 1 pass 2 passes 
Dehaired output (proportion of input) 0.335 0.183 
OFDA clean fine fibre yield (%w/w) 94.9 98.1 
Mean fibre diameter (µm) 18.4 17.8 
Fibre diameter coefficient of variation 
(%) 
23.9 23.6 
Fibres > 30 µm (%) 1.9 1.0 
Fibre curvature (°/mm) 88.5 86.1 
Fibre curvature SD (°/mm) 51 49 
Fibre hand draw length (mm)   
Maximum length 71 68 
95% of maximum length 55 53 
Mid-length 29 28 
5% of maximum length 12 10 
Mean, 95% and 5% of maximum 33.5 31.5 
Predicted Hauteur (mm) 19 18 
Predicted Barbe (mm) 26 25 
 3 
 4 
 5 
6 
17 
 
 1 
 2 
Fig. 1. The relationship between the fibre curvature of bison wool and the mean fibre diameter after 3 
adjustment for other parameters in the prediction model. Symbols: 1 year old males (, solid line); 4 
2 year old males (, dotted line); 1 year-old females (, dash line).  5 
 6 
